The distribution of fatty streaks, fibrous plaques, complicated lesions, and calcified lesions were determined for each of five segments in the common carotid arteries, each of five segments of internal carotid arteries, and for each of seven segments of vertebral arteries in specimens from 961 autopsied cases in Oslo, Norway, and Guatemala. The pattern of distribution of the lesions along the length of the arteries is characteristic for the different arteries. This pattern seems to be independent of sex, age group, type of lesions, and geographic location.
these studies the number of cases has been small. 6' 13 Investigators disagree whether the early fatty intimal lesions convert into more advanced stenotic and occlusive atherosclerotic lesions.
The International Atherosclerosis Project (IAP), an international survey of atherosclerosis in autopsied persons, provided an opportunity to examine atherosclerotic lesions in neck arteries."4 This report presents results of an analysis of atherosclerotic lesions in carotid and vertebral arteries of 961 autopsied patients, 25-69 years of age, from Guatemala and Oslo, Norway. We determined the distribution of lesions along the axis of the arteries (topography) and attempted to relate the topographic findings to concepts of pathogenesis.
The results indicate that the topographic distribution of carotid and vertebral atherosclerotic lesions does not vary appreciably with geographic residence, sex, or age. Early Oslo  m  8  53  65  200  101  427  F  8  18  36  91  61  214  Guatemala  M  18  22  50  50  21  161  F  30  31  44  41  13  159 lesions in younger age groups occur in the same topographic sites which, in later life, are the usual locations for stenotic and occlusive lesions. These results suggest that the lesions that begin as fatty streaks progress gradually to the occlusive lesions that produce clinical disease.
Methods

Collection of Arteries
Details of dissection and preparation of arteries are given in the Standard Operating Protocol for the IAP. 15 In brief, the carotid and vertebral arteries were excised at autopsy and cleaned of excess adventitia. The arteries were opened longitudinally, fixed in formalin with the adventitial surfaces adherent to cardboard, stored in plastic bags, and shipped to the central laboratory in Guatemala. At the central laboratory, the arteries were screened for quality of dissection, stained with Sudan IV, and repackaged in plastic bags.'4 A total of 961 cases was collected. The distribution of cases by age, sex, and geographic location is shown in table 1.
Determining Topography of Lesions
All the specimens were graded by one of the authors (L.A.S.). The arteries were identified by accession number only, and the grader was not aware of the geographic origin, sex, race, age, or cause of death of the individual from whom the arteries were taken. Each artery was divided into a fixed number of segments by laying a thin transparent plastic template with radial lines ( fig. 1 ) upon the plastic bag containing the specimen. Each common carotid artery and each internal carotid artery was divided into five segments and each vertebral artery into seven segments. The segments were numbered consecutively in the proximal-to-distal direction.
The grader recorded the presence of fatty streaks, fibrous plaques, and complicated lesions in each segment of the arteries. The arteries from 744 cases were X-rayed, and the presence of calcium was determined for each segment from the radiograph with the same plastic template. The percentage of cases with lesions (prevalence) was computed for each type of lesion in each segment of each artery and for each location-sex-age subgroup.
In one part of this study we also used previous gradings of percentage of intimal surface involved with atherosclerotic lesions in the various neck
arteries.'4 Tests for Reproducibility of Grading
The statistician of the project selected at random 60 sets of arteries. These arteries were interspersed twice among the other specimens and thus were graded twice without the knowledge of the grader. In this way, blind duplicate measurements were obtained on 2040 segments (60 sets x 34 segments = 2040). Grading of fatty streaks was identical in 92.0% of the pairs of observation, fibrous plaques in 94.6%, and complicated lesions in 98.3%. One common type
Figure 1
An illustration of the use of plaic template for dividing common carotid artery into five segments.
Circulation, Volume XLIII, May 1971 of error was to place the lesion in one segment the first time and in an adjacent segment the second. Another source of error was inconsistency in interpreting the type of lesions.
Definition of Terms
The common carotid artery refers to the segment between the origin in the innominate artery or aorta and a line drawn perpendicular to the axis of the common carotid artery through the bifurcation in the neck. The internal carotid artery refers to the segment between this line and the dura mater. Vertebral artery refers to the segment between the subelavian artery and the dura mater.
Fatty streak refers to any flat or slightly elevated intimal lesion that is stained distinctly by Sudan IV and does not show any other type of change under it. Fibrous plaque refers to any firm, elevated intimal lesion which in the fresh Oslo Fatty Streaks state is gray, glistening, and translucent. After staining, it may be partially or completely covered by sudanophilic deposits.
Complicated lesion refers to any area in which there is hemorrhage, ulceration, necrosis, or thrombosis, with or without calcification. A fibrous plaque that contains hemorrhage, thrombosis, or ulceration is classified as a complicated lesion, and not as a fibrous plaque. Calcified lesion refers to areas of calcification detectable on the radiograph and having a maximum diameter greater than 1 mm.
Results
Prevalence of Lesions by Artery
Atherosclerotic lesions do not develop at the same rate in all parts of the neck arteries. The prevalence of lesions by segments has a Percentage of cases with fatty streaks, fibrous plaques, and calcified lesions in segments of right vertebral artery from autopsied men in Oslo and Guatemala in four 10-year age groups.
For designation of age groups, see figure 2. characteristic pattern for each artery regardless of geographic location, sex, or age. Examples of the variation in the prevalence of lesions by segment in the different arteries are given in figures 2, 3, and 4. These figures show results for the right carotid and vertebral arteries; the patterns in the left are similar. Within each artery, the axial distribution of lesions is generally similar for all types of lesions. In the carotid arteries (figs. 2 and 4), the maximum prevalence occurs at the bifurcation, sinus portion, and siphon region, and the minimum prevalence occurs at the second segment of the internal carotid. Lesions develop more unifonnly along the axis of the vertebral artery ( fig. 3 ) although the prevalence tends to be somewhat greater in the proximal and distal segments than in the intermediate segments. These patterns are similar for males and females in the carotid arteries ( fig. 4 ) and vertebral arteries (not shown).
Prevalence of Lesions by Age
The prevalence of fatty streaks increases progressively in all arterial segments with increasing age. At older ages the proportion of cases having fatty streaks approaches 100% for all segments of the common carotid and for the first and the last two segments of the internal carotid artery (figs. 2, 3, and 4).
Figrous plaques also increase consistently with age in all arterial segments (figs. 2, 3, and 4). In the region near the bifurcation of the carotid artery, the percentage of cases having fibrous plaques approaches 100% in the Circulation, Volame XLIII, May 1971 The prevalence of complicated lesions in the carotid arteries by location, age, and sex is given in table 2. Complicated lesions are rare in the carotid arteries except for the area near the bifurcation in the Oslo cases and in the terminal part of the internal carotid artery in both geographic locations. As with the other types of lesions, the prevalence of complicated lesions increases with succeeding age groups (table 2). Complicated lesions were not observed in the vertebral arteries of any of the Guatemalan cases and were observed in the vertebral arteries of only three Oslo cases.
The prevalence of calcified lesions in the carotid arteries by location, age, and sex is given for the three older age groups in table 3. Calcified lesions were rare in the younger age groups. The distribution of calcified lesions increases with age in all location-sex groups and has an axial distribution similar to that of Circulation, Volume XLIII, May 1971 other lesions. The prevalence of calcified lesions approaches 100% in the terminal segment of the carotid artery in the three older age groups in both locations.
Prevalence of Lesions by Sex
Men in all age groups tend to have a greater prevalence of fatty streaks and fibrous plaques in the neck arteries than women ( fig. 4) ; however, the differences between sexes are small and are not consistent. Men tend to have a greater prevalence of complicated lesions and calcffied lesions, although there are some apparent exceptions in the distal segment of the internal carotid artery at younger ages (tables 2 and 3).
Prevalence of Lesions by Geographic Location
In the region of bifurcation of the common carotid and internal carotid arteries, where almost all cases have lesions, there were no consistent differences in the prevalence of fatty streaks between the Oslo and Guatemalan cases (fig. 2 ). In the other segments of the Raised Lesion Figure 5 Oslo men 25-69 years of age. Percentage of cases with fibrous plaques by segment, and mean per cent surface of total artery involved with raised atherosclerotic lesions, with right common carotid arteries selected to be free of fibrous plaques in the specified segment marked 0*.
carotid arteries, and in the vertebral arteries, the Oslo cases tended to have more fatty streaks than the Guatemalan cases (figs. 2 and 3). In general, the prevalence of fibrous plaques, complicated lesions, and calcified lesions was greater in cases from Oslo than in those from Guatemala (figs. 2 and 3, tables 2 and 3). One exception was the prevalence of complicated lesions and calcified lesions in the terminal part of the interval carotid arteries, where the Guatemalan cases below 45 years of age more often had lesions than the Oslo cases. This finding will be discussed in more detail below.
Prevalence of Lesions in Right and Left Side Arteries
The differences in prevalence of lesions between right and left side of these paired arteries (data not presented) were small and inconsistent.
Development of Lesions in the Arteries
Most cases in this study had fatty streaks in almost all segments of the common carotid arteries. Presumably lesions must develop in this artery before 25 years of age (lower age limit in this study). Some cases between 10 and 25 years, not included in this study of topography, showed fatty streaks in the area near bifurcation of the common carotid. In Circulation, Volume XLIII, May 1971 general, the topographic findings in this study seem to indicate the following sequence of development: the atherosclerotic process starts at the bifurcation and in the sinus region and from there progresses proximally along the common carotid artery and distally to the proximal portions of the internal carotid artery. The atherosclerotic process also begins at the distal end of the internal carotid artery and progresses proximally. In order to investigate this hypothesis further, we have examined the topographic distribution of prevalence of lesions in groups of cases selected on the basis of presence or absence of lesions in a given segment.
A group of cases selected to be free of fibrous plaques in a given segment of the common carotid artery very rarely had fibrous plaques in a more proximal segment of the vessel, while they frequently had lesions in the more distal segments. For example, only a small percentage of the cases without fibrous plaques in segment 4 of the common carotid artery had fibrous plaques in segments 3, 2, or 1 ( fig. 5 ). Furthermore, the cases without fibrous plaques in the fifth segment of the right common carotid artery had a lower percentage of the total intimal surface involved with raised atherosclerotic lesions than did the cases lacking fibrous plaques in tThere were too few cases without fatty streaks in segment 1 to give meaningful data. fig. 6 ). Groups of cases without fatty streaks (tables 5 and 7) or without fibrous plaques (tables 6 and 7) in a given segment of the tThere were too few cases without fatty streaks and fibrous plaques in segments 1 and 5 to give meaningful data. Percentage of cases with fatty streaks or fibrous plaques in various segments of the neck arteries from autopsied Oslo men, when groups of cases are selected by absence of the lesion in the segment of the right internal carotid artery indicated alongside curves.
right internal carotid artery very rarely had lesions in the more proximal segments of the vessel (except for the sinus portion or segment 1), while they frequently had lesions in the more distal segments. Again, as the segment used to select the cases was moved proximally from segment 5 to segment 2, the prevalence in the more distal segments of the internal carotid artery increased, and the extent of lesions in the internal carotid as a whole also increased (tables 5-7, fig. 7 ). The extent, or prevalence, of lesions in the other neck arteries also increased as the segment used to select cases moved proximally (tables 8 and 9, fig. 7 ). Similar patterns are seen in the prevalence figures for left side arteries (data not presented). These results indicate that the atherosclerotic process in the internal carotid artery begins in the terminal part of the vessel and progresses along the artery in a proximal direction. The atherosclerotic process also begins early in the sinus region but these lesions rarely progress beyond the first segment of the internal artery.
Discussion Local Factors in the Development of Lesions
The topographic pattern in the distribution of atherosclerotic lesions in the neck arteries is independent of sex, age, or laterality of artery.
The pattern is also similar for cases from two geographic locations differing greatly in the 17 Since the lesions are localized in certain sites where hemodynamic disturbances are expected to be present, it is reasonable to assume that such forces are of importance in the development of lesions." 8, 9, 18, 19 This study shows that atherosclerotic lesions in the carotid arteries are most frequently found in the areas where this disturbance of laminar flow is most likely to occur, i.e., at the origin of the common carotid artery, at the bifurcation of the common carotid, and in the curved terminal part of the internal artery. These sites of predilection have also been observed by others.'- '2 The earliest lesions in the common carotid arteries are almost always observed on the posterior wall.2 This localization may be due to mechanical stress and to disturbances in the laminar flow, caused by pulsations against the transverse processes of the spine.
Our findings support observations made by other investigators that the least involved area in the carotid arteres is in the internal carotid just beyond the bifurcation of the common carotid, i.e., in the second and third segments according to our notation. 2' 3, 8, This part of the artery is surrounded by soft tissue, is not curved, and, therefore, is more likely to have a laminar blood flow.
The lesions are more unifornly distributed throughout the segments of the vertebral Circulation, Volume XLIII, May 1971 artery, although they are slightly more prevalent in the proximal and distal segments (see also reference 20) . Again, eddies and whirls in the blood stream are most likely to occur in these segments where the artery branches off from the subelavian artery and where it curves around the atlas. Other investigators have stated that the lesions develop preferentially between the foramina of the transverse processes13 and therefore should be localized to each cervical segment. Our study was not designed specifically to examine this "rhythmic"13 distribution of lesions. However, we did observe a few cases with an obvious regular segmental distribution of lesions.
Systemic and Environmental Factors in the Development of Lesions
Local conditions can not be the only factors affecting the development of atherosclerotic lesions since persons of the same age have widely differing degrees of involvement. Variations in blood pressure, in the level of plasma lipids, or in tendency toward thrombosis, may also influence the development of lesions. The influence of estrogenic hormones on plasma lipids has been thought to be responsible for the differences in clinical atherosclerotic heart disease between men and women. 21' 22 The differences in prevalence of atheroselerotic lesions between the Oslo and Guatemalan cases may be explained largely by differences in environmental conditions. Such environmental factors may include differences in diet, physical activity, cigarette smoking, and other external agents.
P721
Calcified Lesions in the Neck Arteries Calcified lesions develop in the neck arteries in the same sequence as other types of atherosclerotic lesions. This is not surprising since calcifications are usually found inside fibrous intimal plaques. In the vertebral arteries of a few cases, we detected calcification without fibrous plaques. These findings may be artifacts caused by the adherence of bony fragments embedded in the adventitia at the time of dissection of the specimens.
One exception from the usual pattern in the development of atherosclerotic lesions is that the calcified lesions are much more prevalent than fibrous plaques in the distal segments of the internal carotid artery. There are no obvious differences between the Oslo and Guatemalan cases in the prevalence of calcified lesions. The sex differences are also small and inconsistent. Other investigators have shown that the calcification in the siphon part of the internal artery is located in the internal elastic membrane,6' 23 in intimal atherosclerotic lesions, and in the media. 23 The siphon can have calcified plaques as early as 12 years of age. 6 The findings in this study indicate that the calcification of the distal part of the internal carotid artery is a process that may be independent of atherosclerosis. This calcification process may be responsible for some of the recorded complicated lesions in the terminal part of the internal artery. The high frequency of complicated lesions in the siphon portion, even in the younger Guatemalan age groups (table 2) , may be an artifact caused by breaks in the calcified tissues when the arteries were opened.
Relationship of Fatty Streaks to Fibrous Plaques
Investigators disagree about the role of fatty streaks in the pathogenesis of raised atherosclerotic lesions. Some have considered fatty streaks as precursors of fibrous plaques and more advanced lesions.24-30 Others have considered the two lesions pathogenetically independent.9 If fatty streaks are precursors of fibrous plaques, it is to be expected that the topographical distribution of fatty streaks would be similar to that of fibrous plaques. Schwartz and Mitchell9 have stated that the distribution of fatty streaks is different from that of fibrous plaques and that these two types of lesions should be regarded as separate processes. In a topographic study of lesions in the three coronary arteries of autopsied persons from many different populations, Montenegro and Eggen30 found no evidence to support such a view. Their results indicated clearly that fatty streaks occur in the coronary arteries of young individuals in the same anatomical sites as more advanced lesions at a later age. They concluded that the close association strongly suggests a pathogenetic relationship between the fatty streak and advanced lesions.
In our study all types of lesions tend to occur at the same sites in the neck arteries.
The prevalence figures for different age groups indicate that fatty streaks precede fibrous plaques. The findings thus support the view that fatty streaks are precursors of fibrous plaques and more advanced lesions. Atherosclerosis and Clinical
Cerebrovascular Disease
The Framingham study31 indicates that the risk factors for myocardial infarction also apply to cerebrovascular disease. The studies in the International Atherosclerosis Project show that coronary heart disease and cerebrovascular disease are associated with increased amounts of atherosclerotic lesions.32 3 The present study demonstrates that the early atherosclerotic lesions occur at the sites where stenotic and occlusive lesions have been reported.'-12 Thus, it is likely that the early atherosclerotic lesions and the stenotic or occlusive lesions represent different stages in the same process, even though some stenoses may have been produced by organized, recanalized thrombi. Prevention of atherosclerotic lesions should therefore lead to prevention of atherosclerotic cerebrovascular disease.
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